Duplicated plastid and triplicated cytosolic isozymes of triosephosphate isomerase in maize (Zea mays L.).
We studied electrophoretic variation and inheritance of triosephosphate isomerase (TPI) isozymes in maize (Zea mays L.). In contrast to most diploid plants, in maize, TPI exists as multiple isozymes in both the plastid and cytosolic subcellular compartments. Phenotypes result from the overlay of two independent sets of isozymes and allozymes, representing the plastid (encoded by the nuclear genes Tpi1 and Tpi2) and cytosolic (encoded by Tpi3, Tpi4, and Tpi5) systems. All possible intragenic and intergenic dimeric enzymes are formed between polypeptides within each subcellular compartment. No heterodimers are formed between plastid and cytosolic polypeptides. Extensive surveys of accessions of land races and inbred lines revealed 22 allelic variants for the five loci. Most alleles have been formally validated by segregation analysis. We describe two null alleles at Tpi4, distinguished by their relative abilities to form intergenic heterodimers with polypeptides specified by Tpi3 and Tpi5. Linkage analyses and crosses with B-A translocation stocks were effective in determining the chromosome locations of all five loci. Duplicated genes for both the plastid and cytosolic isozymes were localized to genomic regions that possess numerous other redundant sequences. We placed Tpi1 on the long arm of chromosome 7, approximately 23 centimorgans (cM) distal to g11; we localized its duplicate--Tpi2--17 cM distal to v4 on the long arm of chromosome 2. The triplicate loci encoding cytosolic TPIs reside on chromosomes 3 and 8. Tpi4 is approximately equidistant (11 cM) from d1 and Lg3, near the centromere of chromosome 3. Tpi3 and Tpi5 are located on distal ends of the most poorly marked maize chromosome; Tpi3 is 29 cM distal to Idh 1 on 8L, and Tpi5 is on 8S or near the centromere on 8L. In contrast to most duplicated maize sequences, which often occur in parallel linkages on different chromosomes, Tpi3 and Tpi5 provide an example of intrachromosomal gene duplication. Several of the Tpi loci are located in sparsely mapped regions of the genome, and Tpi1 is the first isozyme marker for chromosome 7.